Idiopathic hypothalamic dysfunction is a rare disorder associated with adipsia, obesity and other symptoms such as central hypoventilation without any hypothalamic structural lesion. We report the case of a 3-year-old boy who died suddenly due to central hypoventilation. His obesity index increased from 0% to 75% during the 7 months prior to 3 yr 0 mo. During this clinical course, adipsia, hyperthermia, sudoresis, mild central hypoventilation, blepharoptosia, a change of character, hypernatremia, and hypothalamic hypopituitarism were observed. No treatment was given for hypoventilation. He died from sudden respiratory arrest because of central hypoventilation at 3 yr 8 mo. MRI examination was performed twice at 3 yr 3 mo and 3 yr 4 mo and revealed neither specific lesion nor invisible pituitary stalk. At autopsy, local inflammation and gliosis of the hypothalamus were present. So far at least 14 patients with idiopathic hypothalamic dysfunction have been reported. Eight cases including ours had central hypoventilation. Six out of the eight had poor respiratory prognosis, and central hypoventilation in hypothalamic dysfunction could be potentially fatal. In conclusion the patients with hypothalamic dysfunction should be treated intensively if they are suspected of having central hypoventilation.
Introduction
The hypothalamus functions primarily to integrate the autonomic nerve system and endocrine activities, including pituitary functions. It controls water balance, hunger and satiation, thermoregulation, emotional reaction, and respiration.
Idiopathic hypothalamic dysfunction is a rare d i s o r d e r a s s o c i a t e d w i t h a d i ps i a, p o o r thermoregulation, obesity and other symptoms such as central hypoventilation without any hypothalamic structural lesion. Hypernatremia and hypothalamic hypopituitarism are also specific features of this disorder. Clinical onset usually appears between two and six years of age (1) (2) (3) (4) (5) (6) (7) (8) (9) . At least fourteen cases have been reported in the literature. We report an additional case which ended in sudden death because of central hypoventilation.
Case Report
The patient was a boy who developed normally until 2 yr 3 mo of age. He had an uncomplicated birth after an uneventful pregnancy, and there was no history of major illness before the age of 2 yr. He showed polyphagia, adipsia, sudoresis, and regression from 2 yr 3 mo of age. He gained weight dramatically (Fig. 1) , and his obesity index increased from 0% to 75% during the 7 mo before the initial visit to our hospital at 3 yr 0 mo of age. His body temperature was found to have been temporally elevated up to 38 C almost every day for one month since 2 yr 11 mo of age. His total calorie intake a day was set to 900 kcal from the age of 3 yr. Routine blood examinations were negative except for mild elevation of transaminases at 3 yr 2 mo. Aspartate aminotransferase and alanine aminotransferase levels were 43 IU/l and 73 IU/l, respectively. Serum concentrations of electrolytes (in mEq/l) were within normal ranges: Na 145, K 4.0, Cl 110.
A fatty liver was shown on ultrasonography at 3 yr 2 mo. No organic legion was demonstrated at 3 yr 2 mo on brain computed tomography. Magnetic resonance imaging (MRI) examination of the brain was performed twice at 3 yr 2 mo and 3 yr 4 mo to reveal neither specific lesion nor invisible pituitary stalk.
Relevant basal hormonal values and results of stimulating tests for anterior pituitary hormone are shown in Table 1 . The results of stimulating test (insulin 0.1 u/kg/dose, LHRH 100 U/m 2 /dose, and TRH 0.3 mg/m 2 /dose) were consistent with hypothalamic hypopituitarism. A poor GH response was evoked. And both LH and FSH responses were poor. The peak time of TSH was delayed to 120 min. Basal serum PRL level was high.
On his second admission at 3 yr 2 mo of age, the patient developed hypernatremia (171 mEq/l), when serum AVP level was 1.08 pg/ml. During the course of an ad lib peroral water intake therapy for 26 h, when serum sodium concentration had dropped from 171 mEq/l to 140 mEq/l, he had a general tonic clonic convulsion. Plain water intake of 55-75 ml/kg/24 hr was given after this episode. It was administered every 8 h, once in the middle of the night, resulting in good control of his serum sodium concentration. When he suffered from upper respiratory infection at 3 yr 3 mo, he developed central hypoventilation. Any airway obstruction was not found. Maximum PCO 2 was 57.8 mmHg when asleep, and PCO 2 was 40-50 mmHg when awake. Minimum SpO 2 was 86% when asleep. After he recovered from the upper respiratory infection hypoventilation was not documented (SpO 2 level at night > 95%), and he was discharged at 3 yr 4 mo of age.
He began to show abnormal ocular movement, blepharoptosia, and a change of character such as sudden crying and temper at 3 yr 5 mo of age. Central hypoventilaton was not recognized in the outpatient clinic. He died from sudden respiratory arrest, allegedly because of central hypoventilation at 3 yr 8 mo of age. At autopsy, there was no tumor in the hypophysis and hypothalamus. Infiltration of lymphocytes and microglia cells was present in the hypothalamus. Airway obstruction, including an adenoid and vestiges of aspiration, was not found.
Discussion

T h e o rg an ic c a us e o f hy p o t h al am i c dysfunction was not demonstrated in this case.
The causes of hypothalamic dysfunction in children include hypothalamic tumor such as craniopharyngioma, pinealoma, Langerhans cell histiocytosis, Leigh encephalopathy, herpes simplex encephalitis, and aquired trauma, any of which were unlikely to be a cause in our case. Other etiologies with chronic granulomatous infection include sarcoidosis, tuberculosis, toxoplasmosis, and cryptococcal infections, which were excluded in our cases on autopsy. One of the similar cases showed similar non-specific cell infiltration (8) .
The main features of idiopathic hypothalamic dysfunction are adipsia, hypernatremia, obesity, poor thermoregulation, central hypoventilation, and various degree of pituitary dysfunction (Table  2) , and these were observed in our case. There are fourteen previously reported cases of idiopathic hypothalamic syndrome in children (1) (2) (3) (4) (5) (6) (7) (8) (9) . Most patients (12/14) had the onset between one and 6 yr of age. Two cases out of the fourteen died (8). One case had central hypoventilation, and died of sudden respiratory arrest. The other case died of encephalopathy associated with hyperthermia and hypernatremia.
Eight cases, including ours, developed central hypoventilation (3, 5, (7) (8) (9) . Six out of the eight had a poor respiratory prognosis. Two out of the eight, including ours, died of sudden respiratory arrest (8) . Another two cases had severe central hypoventilation, and they required mechanical ventilatory support permanently. The remaining two cases could not be weaned from the ventilator either, and they needed bilateral phrenic nerve pacing (5) .
Thus, most cases with central hypoventilation in idiopathic hypothalamic dysfunction are potentially fatal. For patients having idiopathic hy po t ha la mic d ys f u nc t io n w it h c ent r al hypoventilation there is a possibility of sudden death even in cases suspected of having mild hy po v e nti la ti o n. In o u r c a s e, c ent r al hypoventilation was thought to be mild at the first admission, and it improved after the episode of respiratory infection. Evaluation of spontaneous breathing during asleep and awake, and during respiratory infection should be done for every patient even for a patient without suspicion of hypoventilation (10) .
The patients with idiopathic hypothalamic syndrome should be treated intensively if they are suspected of having central hypoventilation. Pharmacological therapy should be attempted when central hypoventilation is documented. Clomipramine HCl, theophyline, naloxone, and progesterone have been tried (3, 5, 7) , and the former two drugs showed some effect (7) . If the effect is not sufficient or severe symptoms are documented, several ventilatory support options such as mask ventilation or nasal intermittent positive pressure ventilation should be considered to keep the oxygen saturation with pulse oxymetry above 95% (9, 10) . Among the various ventilatory supports, diaphragm pacing by phrenic nerve stimulation may be one of the safest for the respiratory prognosis, and is probably the best regarding quality of life. Because of the poor prognosis of this syndrome with central hypoventilation, it should be emphasized to start ventilatory support as early as possible if the hypoventilation is insufficiently controlled by the oral drugs described above.
